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FESH (2%.4% F1 6% ) #h NaCl,KC1,NaNO, f1 KNO, 4 # T 4l 2 Bk 1 b 5 4 M 25 o i
B, NG THBREABBEMBABEEEREEEE (B EE Bk h) W2w. &1
KW A ENE T ESEN 2% i, RREARG R MR LT 7 EHNERERERKT 8~12 C;
7 fm NaNO, f2 KNO, B i s & JE i te o B 7 ME i i B 4R & 7 120~150 m/s, 7 fw NaCl
Fn KC1 By i Ak % 4 ME 25 #1157 150~850 m/s; 7 it NaNO, f1 KNO, By i b 8 4 ¥ 24 45 45 & 4
ERESRE T AT 0.62~1.90 mm, 7 A NaCl 2 KCI th 454 & 45 8 18 7 0.06~2.55 mm;
7 fim NaNO, 1 KCl i M 25 8 E IS 425 7 0.02~0.78 kPa, 7 m NaCl 1 KNO, th ¥ 25 # JE i%
T 5.02~19.57 kPa, BN R ED» R EFR G 2%, B MEIRERK 7~10°C, & # B 1K
100~300 m/s, 44 45 & 4 /N 0.08~0.73 mm, # J& &5 51K 1.77~13.50 kPa. 5274 1F
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A5 R H TEHLER (NaCl, KC1, NaNO, Fl KNO,) #f 7 & A HE FR £, R 58 TCHLER TS 0 = i 1 e s it
TRLE B A A A, DA PR R AR A 2 K 26 DO MR KEVE BE, A I Ak Al i K 25 1 2B = S BRI 2 %

1 X I

1.1 MR RBEE

SEEG AR IR B . JoHLER (NaCl, KCI, NaNO, F1 KNO,) . B &ihAH . Ak . E bR

SEYSBE A . BSW-3A H 5 BE o Bk A A (I 0 VG N 25 LA 48 ) ) . YES853 1 B, fuf il K # (V1
HEEREH FHARARAF ). CY-YD-202 JEH X JE HEEAS (VL HBERER FHEARAGRAA) .
HDO4104A AR 2% (EE DRVAFD) o
1.2 MBI THSRIEGD T &

VA A A T e K 24 P e TR e 1 T R A KUK 86% . 88% AT 90%, JEHLER (NaCl, KCl, NaNO, il KNO,)
Y i A (w) N 2% 4% 6%, A THTAH A9 5T 43550 R 4%, ARy B9 5 & 0 KON 4%, il s iR A 1
v

Inorganic salt

additives PR
AN Com;;losite oil. Surfactant
: ase
N | phase —
160 r/min 160 /min /|
0 b = oy w—)
U Allowto 0T Allowto | \
~ dissolve - © dissolve ' )

B R AR B 25 Bl 2 i AR
Fig. 1 Preparation process of modified expanded ammonium nitrate explosive

e P R T T i K 24 114 o 20 R

(1) 120 C IFAZEAE T, 45— o e 11 A e 12 g AN TCATLER [T IREAI A o5 0 24 o i 53 %8 9.2% YK v,
PP 2 S IR

(2) 1o W1 ZASH R B RN TC ML #h 56 2V i, A BT 20 H00h 4% B9 S5, BEHE 2 58 2 it )e, 15 20
P I A il e A 5

(3) TEHZS HED 0.09 MPa Y 4614 T, fdi et I AL an B K I R AL ;

(4) U AR M 25 HEA TV 20, WHEE i 5 20 H s

(5) MA U 73 800 4% WA K FE70 R A, il SOV I Al e 1 2, S HL g P fE
1.3 UM B AR SR AR 2 M BRI
13.1 FEREEMN

R T A7 A BT M2 A AR B K T IR, T S [T A TR UKL 4 0 T8 A T 1403t 2
1.3.2 BRI

K& GB/T 13228-—2015: (Tall K 242088 0 52 75735 )™, Ao PRt s 00 S A e 2 A il e 1 24 114
R K . ELARERE: FAME 32 mm, K 400 mm B4 B 4048 55 20, 8 3 IR AT IR A 24, IR 4T )R
950 mm, I 2 Begdkist, O A4S E R 3 W, BOFRIE
133 JHE MR

AR GB/T 12440—1990: (FEZ55 B SC 56 A AE R4 6 )V, AT FE 2500 B k. FRH 50 g el Pk g
PR £ K 2, B T A0 T RS, % B A (1.00£0.03) g/em’s #5 @40 mmx60 mm [HTHE | 4K Rl 2 4
P I 7, A TR A A2 T AR EE S 15 mme, FEARAE — i Ab, 280 RO T B R R T Lk
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JEFERINL TS o T FLRIEAC 8 10 mm &b, FRAR 38 4R, AR 5 ROHT 1 - A vk I i 45 4 15
JE, W BB R RO A 2 28 ORI Al o B4 U B 9 B AR ST B4 A R S B0 A A v B S A .
1o PR RS 8 1T 5 R 1) R 22 AR AR KR 2 R . MR R A 3 KSR, BOE I ME .
1.3.4 BEMNR

ERAE S 40 g BRIE 2 2, B3 5 0 0.60 g/em’®, MRAL A0 THEBRIE 2500 0 70 em Ab ., X}
IV A I A5 1 B Ml AT A 3, A5 B A b 0 - R R 2, X T T - R i e iEA T ARy, T AR AR AR
i U R K b i . AN IR 3 UOTAT LR, BUR M.

2 HR5i1e

21 MEASHHNERITE
211 SEE

%7 (oxygen balance, OB) S48 24 H: 2 5 4 A WU . VB AL I SO I A% Ik o AL S5 I AL TS ek 25
HI SRR A B A B A RS IR e, mTR TR Fl AR RN B i AR B, = B R BT L 92 = 4+ 4 M Ui R
(OB H-0.0084 g/g) KEZ5!"" 12 MR S V- PRI AT H5R, 45 2R [A] BT 4 40 . AR ek otk g4k
il e 1 245 A 8P AR O, DL 1

#1 TRRESH. FEILNE B ICHRIEANE T
Table 1 Oxygen balance of expanded ammonium nitrate explosive modified
by inorganic salt composition with different mass fractions

OB/(g'g")
Composition
w=2% w=4% w=6%
NaNO, —0.0030 0.0024 —0.0030
KNO, —0.0045 —0.0006 —0.0045
KCl —0.0124 —0.0164 —0.0124
NaCl —0.0124 —0.0164 —0.0124

H1 26 1 A AT 45 S nT 0. X T A NaCl #l KCLJ A4 Bl P g A il 5 40 25, 80T i b 25 o HLER & i
4184 T AR, 2 B0 67 48014675 % T A NaNO, I KNO, Ji5 19 B E R AL Bl Bl KE 24 , 48 F-F e 25 TCHLER &
et (TN o, DA 7 AR 30 T B 7 Ay T AT
212 1§

)4, 3 o A A TR A0 ST AR B0 AS [R) 0 £ 40 250 S [ T AL B o5 2 £ Al i e 24 1 s i, 285
R 2,

®2 TRRESH FTRETNE BB LT RIEDRHR
Table 2 Detonation heat of inorganic salt-modified expanded ammonium nitrate
explosives with different mass fractions and components

Detonation heat/(kJ-mol™")

Composition

w=2% w=4% w=6%

NaNO, 3696.86 3564.76 3375.36
KNO, 3728.61 3562.03 3371.26
KCl1 3688.90 3586.73 3484.56
NaCl 3688.90 3586.73 3484.56
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a2 AIAEL A 2%, 4% F1 6% NaNO, 9 B5CH: 2 AL iF 84 1 24 10 1% 30 HU A% G TE b Al 2 0 24 1O 1
#(3791.07 kI/mol) 43 MK T 2.5%. 6.0% 1 11.0%; JITA 2%, 4% F1 6% KNO, 4% 1k Al £ KE 25 13 4 L
FESEIE LR N BEAR T 1.7%. 6.0% F1 11.1%; NaNO, £l KNO, 2 i I AILER el Pk B A0 il e K 24 i g 2=
AR MA 2%, 4%, 6% KCI( I NaCl) o4 i A i &4 K 24 09 48 3003 31 Fe A% Ge e HL A A BRAIR T 2.7%.
5.5% H1 8.1%. & Brinkley-Wilson J5 722 3158 F& i, IR oA KC1 A NaCl /R A1 T A 2 5 1 K I,
FIT LA [7) J5 58 3 %0 KC1 R NaCl e H: 82 4k il #4124 B 3 S As AR AR ]

22 HWHHERRAEERE

0 SR AN [R5 H 43 BOIC AL 8 2P A R A6 1 A 58 A Vs IR R IR R, &5 SR L3R 3, mT LU Y 2 JCHILER 1 o
M ECR 2% B, BAR G BE T K 24 0 RS R 4 VR AR TR (120~ 140 C)FEMIR T 8~ 12 C, JoHLER i /0 5
P 2%, T AT B 0 24 1 Tl TR e V5 At T 38 AR ARE 7~ 10 °C, il o KINO, IR ke Tl 1% e 5 7t UL 3 14
R

%£3 FTEBRESH. FRLHIL MMM ERESTSABNEE

Table 3 Temperature when inorganic salt modified expanded ammonium nitrate explosives
with different mass fractions and components are completely dissolved

Temperature/ C
Composition
w=2% w=4% w=6%
NaNO, 112 105 95
KNO, 110 100 90
KCl1 110 102 92
NaCl 108 101 95

TERS IR B Fh 3 KNO, 1 NaNO, A P& K'. Na'FINO; B 1, K Na™ 2 71 1 55 1 i) f 4
HAE AN ES X I . AL 2 A O ) S0 NH, 1 NO, IR P 94T, B8 1 iR i v e i 0
gk i sl Jy 22U R RS TR R B 0 A R RLRE s FE 25 i A NaCl #i KCI 5 #8724 Na*, KO C s
T, AR T R AN B TR B N B O, Horp O SO R S ek B T 0 A R I i TR B A A5 AT M,
AT 3k 28] oA AR A R 2 1t TR A 3R
2.3 IBIEMEAE
231 1B &

ST N A5 AN R B HG B A R A K 2 B R, 5 SR L6 4. S 4 A%, NaCl, KC1, NaNoO, Fil
KNO, B B A il £ K 24 10 48 55 I8 5 TG AL 58 J5 0 20 5 A 384 Jom i A1 o

Fa TRRLKMEBUHEESHBE

Table 4 Detonation velocity for each ratio of explosives

Detonation velocity/(m-s™") Error of detonation velocity/(m-s™)
Composition
w=2% w=4% w=6% w=2% w=4% w=6%
NaNO; 2983.29 2666.67 2364.18 45.36 56.38 49.65
KNO, 2981.52 2665.44 2393.90 60.49 62.68 52.89
KCl 2708.51 2468.60 2156.15 43.59 75.81 38.54
NaCl 1999.20 1786.99 1667.33 61.56 52.56 54.87

5 LG8 e 7 B A £ 4 25 1 43 (2 850 m/s) A Eb, 76 B8 I JEHLER A0 50 5 40 550H 2% RO B0 T, B
NaNO;. KNO, BBz il 4 K 25 B R 32 15 1 5% 2247, s N KCL A NaCl 14 B A il £ K 24 10 £ 5 2 331 Fo
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KT 5% F130%. XA 2% A9 NaNO, F1 KNO, £ B T 135 & 3%, midsfin 2% A9 KC1 A1 NaCl i #i)
il 252 B 4 & A, LT AR I 2% B9 NaCl i i RCR 55 o VS I 5T 4 43 0k 4% B TEHLER s L T
SERAN 2% JEHLER 19 45 B0 J7 B UM [E, RN NaCl, KCI. NaNO, Fl KNO, 1 % 4k fild 5 1 24 45 i ¥ A 1
250 m/s 4T o IRINTL IS0 B0 R 6% M TCHLER B B0 T, S5 U N 4% JoHLER 1 4% BC J7 B AH EL, B
NaCl. KCI, NaNO, #l KNO; [ i {b i £ 1 245 MR s eIk 1 200 m/s e 47 o R 45 R, 4 5 NaCl,
KCI, NaNO, Fl KNO, %5 Il 1) (14 J5 18 43~ %5 T 410 il 2 A6 i e e 245 1080 8 58 I i o
232 & OB

K245 (R0 3 2 e 1 A 24 9 KR B A 0 7 o i BRI A T R BB IR A Y 3 A A 1 TR 4 B R o
i WA, A5 30 4% O b AR 245 4R JR I BB A R AR I O, AL 2 TR

-

- i '- |
E?'M

2%NaNO, 4%NaNO, 6%NaNO; 2%KCl 4%KCl 6%KCl

1V

A

™,

4%KNO, 6%KNO, 2%NaCl 4%NaCl 6%NaCl
2 AL HREZGHRRE R AVRE A TR A DL

Fig.2 Compression of lead columns after explosion of each ratio of explosives

AT 3 BT , 55 30 75N 7 A A T ST ON=TR =T
B KE 2 IR R AR R i, ] DL B, RO I AR KE 24 1) g ol ”.60“_%' NaCl &= Traditional recipe
1 i 25 75 NaCl, KC1, NaNO, fll KNO, JoHLER £ ogs EEII092 1087 00105
Bk 535 0 0 T/ ER o | ] &
IFEL 3 T LA 15 % 5 e 1 0 R 44 g st N
10.98 mm ., 7ECHLER TR AN 0 2% ORI E. 2 o)
T I NaNO, il KNO, 14 1k fit 4 X 24 (1) B b T 4 A
BEMORT 0.7 mm ZE A7, H3 N KCLAI NaCl i 5 £
FE4EEE43 B0 F B T 0.08 i 2.55 mm. o, B ©
NaCl X 1% b Bl £ M 24 56 J 10 3% 0 B, B0 15 0 —% ; y ;
KCl1 #H b, NaCl 38 1= W2 B A 28 B3 s 258 0 5 0 Mass fraction of inorganic salt/%
IR e hik 22 4 S R R O I PRI VE R . BEE B3 AW K2 T A i R 4
NaNO,, KNO,, KCI Fl NaCl Jit & 73 5 id 34 K, H Fig. 3 Compression of lead columns
R FE 500 5L F W R 4, 54 ) 4K 45 R T NaN O of cach formula

KNO;. KCI il NaCl A F A0 J T fs 0 K 245 4 0 s KA 7= b &) 1A Joie R e SRR
233 HEHRBE

25 VR K 236 W A o o B AN T AR op R A S 8, T I o Dl R TR B TR AR AR G R
FH 7 T8 48 G £ 18 Hh P -sF [ gl 2 75 280 0 K b o D B AL 1) 1R - R AR 4R, W] 4 BT

TR AL 3 UCOTATIL I, IOF- A, I 10 i w o D 8 T 0 R e R it L3R 5 R 6. AT 4,
e 5 FE% 6 AL BRI NaNO; Fl KCL I A0 Al 2 K 25 41, FLAYTC b A i i K 24 1) 8 058 (1 AR e K
i YA T A% G2 I 75 I A Tl S 110 8 TR 4 (70.17 kPa) FlldRe K it (13.02 Pars), HLFf %5 JCHLER Bt & 43 %4
V1A 5 100 AT 326 457 AR, RO KR 24 1) A D)) 7 it 2 DG ML AR, 25 2 190 18 i 30 4T B A1
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80 F —— Traditional recipe 80 F —— Traditional recipe
2% 4% 6% 2% 4% 6%
< 60 < 60+
& Y
= =
o i3
§ 40 | ‘g 40
o 5
g 20 - °‘>8; 20+
@] o
TV M ° TRV
20 . . 20k . .
5 10 5 10
Time/ms Time/ms
(a) KNO, (b) KCI
80 - — Traditional recipe 80 - — Traditional recipe
2% 4% 6% 2% 4% 6%
60 - 60
g g
2 40f T or
5 £ 20f
0
: | RTAVA
WY ol
-20L L L L L
5 10 5 10
Time/ms Time/ms
() NaNO, (d) NaCl
K4 IR IR B o BORHLER K 25 BB TR 1L
Fig. 4 Comparison of overpressure of inorganic salt explosives with different mass fractions
®5 BELLBUHERIEGHBEEE
Table S Overpressure peak of each ratio of expanded ammonium nitrate explosives
Overpressure peak/kPa Error of overpressure peak/kPa
Composition
w=2% w=4% w=6% w=2% w=4% w=6%
NaNO, 70.19 65.44 51.91 0.76 0.85 0.72
KNO, 66.15 62.13 57.17 1.02 0.68 0.81
KCl1 70.95 57.22 55.11 0.83 1.16 0.89
NaCl 51.70 49.43 37.67 0.68 0.77 0.68
*6 ERLCHUHBEANERHME
Table 6 Maximum impulse of each ratio of expanded ammonium nitrate explosives
Maximum impulse/(Pa-s) Error of maximum impulse/(Pa-s)
Composition
w=2% w=4% w=6% w=2% w=4% w=6%
NaNO, 13.08 12.19 11.35 0.33 0.13 0.12
KNO, 12.95 11.29 10.86 0.08 0.29 0.09
KCl1 11.88 11.26 10.86 0.19 0.16 0.14
NaCl 10.70 9.86 8.85 0.09 0.09 0.18

ICHLER T 53 BN 2% B, BRI NaNO, 1 KCI 9 B A fis B ke 24 1) 68 e 06 {48 4% e IC 07 40 3ol 2
T 0.02 1 0.78 kPa, % il KNO; Fl NaCl 1% % k.6 44 1 245 1) 8 F W (B 0 S B IR T 5.02 i1 19.57 kPa,
., NaCl X Fe W (B 1Y) 52 M B K, 0t B NaCl X 24 8 6 i 2 B 0 5% e B K . NaCl, KC1, KNO; #il
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NaNO; Y JF 5 73 B EE 32 55 2%, 88 R I T B 1.77~ 13.50 kPa, 13 W Bt 25 JCHLER 5 40 By 588 0, i e e
25T BE ) 2 R A

XF AN [R] 52 £ 4344 NaCl, KC1 Fl KNO; i i 14 il i ke 24 958 5 14 f18 10 1R i 7 ik ik B 1) s ), & 3
MU NaNO; 19 J51 5 730 80K 2% B, KEZ5 I iR BAT S BC T RRAR T 8 °C, M4 =1 1 120 m/s, it
JE4R IR T 0.62 mm, 8 IE(EHE &5 T 0.78 kPa, i ki M il i) $12 w5 FIA 198 466 V5 ik T B8 1 B A1 iy
Wi . PRI, 76 SEPRAAE b, AT DU R A0 & 40 24 Hh V8 i 2 £ NaNO,, BEA I T [ I A 1R e V4 A VL B2
M BB R K2 R AR R

3 &

(1) 4% i NaNO, Al KNO, 1) J5i &8 43 50Ch 2% W, B2 A hil 4 K 25 (1 Ml AL Ge i Jr $2 1 4.2%~
5.2%, Y HERIE4E EH R T 6.37%. Ffi#E NaCl, KCI, KNO, FIl NaNO, ¥ il & 28 #7858 3 AT A 79 &
i TR Horp, NaClxFE 24 1 5 FUVRE B 1) 52 ) 55 K, Xt HE 245 1) 49 25 0 2 A B 308 00 o) 3302, 0
W Rt JCHLER A 0 A 38, AT Re J 52 T R SCSTIN KCL A T 53 80k 2% B, B A0 4 4
2B R IE(E I K T 1.2%, BE# NaCl, KCl, KNO, 1 NaNO, ¥ Jll & 432 #7480, Hos JR i 52 28
[ <

(2) A1 NaCl, KCI. NaNO, 1 KNO, 4 Fi Jo MLk BUFCH 43l i i, T LA 8 AV % A i 46 g 245 1) 7 ik it
B I TCHLER 19 5t o BB HE N 2%, 2 Ak s e K 24 1 S A R B AR 7~ 10 °C. JLrp, KNO, /R 0 iR
TGRS, BV A 5 3 1 8RS S I TCAILER 1 S5 53 B0 6% IsF, 15 Ry s Ak il 4 K 24 4 B,
fift R BEREAR T 30 °Co

(3) R AR B K 25 s /b i NaNO,y, BEA I T F 1A 2 e 0 v M T 32, 3 BB 2 vo HE 24 1 e e

S22 3k
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Influence of Inorganic Salts on the Dissolution Temperature of Ammonium Nitrate
and the Explosive Performance of Expanded Ammonium Nitrate Explosives

LI Yan', CUI Xiaorong'?, LI Rui"*, WANG Quan', HU Minghang', SUN Rui', CHEN Yajing'

(1. School of Chemical and Blasting Engineering, Anhui University of Science and Technology,
Huainan 232001, Anhui, China,
2. Hongda Civil Explosives Group Co., Ltd., Guangzhou 510623, Guangdong, China)

Abstract: In order to explore the influence of inorganic salts on the dissolution temperature of ammonium
nitrate and the explosive performance of expanded ammonium nitrate explosives, the inorganic salts of 2%,
4% and 6% of NaCl, KCIl, NaNO, and KNO, respectively were used to replace the ammonium nitrate content
in the expanded ammonium nitrate explosives, and the explosion performance (including the detonation
velocity, the fierceness, and the work ability were measured). The results show that when the mass fraction
of inorganic salt is 2%, the dissolution temperature is 8 to 12 °C lower than that of the traditional puffed

ammonium nitrate formula explosives; the expanded ammonium nitrate explosives with NaNO, and KNO,; is
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120—150 m/s higher than the traditional formula, and NaCl and KCI are reduced by 150—850 m/s; lead
column compression of NaNO, and KNO, increased by 0.62—1.90 mm, and NaCl and KCI decreased by
0.06—2.55 mm; the peak overpressure of NaNO, and KClI increased by 0.02—0.78 kPa, and NaCl and KNO,
inorganic salts decreased by 5.02—19.57 kPa. For every 2% increase in the mass fraction of inorganic salt
substitution, the dissolution temperature decreases by 7 to 10 °C; the detonation velocity decreases by 100 to
300 m/s; lead column compression decreases by 0.08 to 0.73 mm; and the peak overpressure decrease by
1.77 to 13.5 kPa. In practice, a small quantity of NaNO, can be added to the expanded ammonium nitrate
explosives, which is not only conducive to reducing the dissolution temperature of ammonium nitrate, but
also enhances the explosive performance of explosives.

Keywords: expanded ammonium nitrate explosive; inorganic salt; industrial production; dissolution

temperature; explosive performance

045102-9



	1 实　验
	1.1 材料及仪器设备
	1.2 改性膨化硝铵炸药的制备
	1.3 改性膨化硝铵炸药性能测试
	1.3.1 溶解温度测试
	1.3.2 爆速测试
	1.3.3 猛度测试
	1.3.4 超压测试


	2 结果与讨论
	2.1 炸药参数的理论计算
	2.1.1 氧平衡
	2.1.2 爆 热

	2.2 改性硝酸铵溶解温度
	2.3 爆炸性能
	2.3.1 爆　速
	2.3.2 猛　度
	2.3.3 冲击波超压


	3 结　论
	参考文献

